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Fig. 1- Various low-pass filter arrangements that are discussed in the text. 


Conaiind with FCC regulations that 
address the purity of a transmitter output 
waveform (spurious energy, inclusive of 
harmonics) should be as important to the 
builder of homemade gear as is the audi- 
ble quality of the signal. A good target for 
the amateur builder is the reduction of spu- 
rious energy. referenced to peak output 
power, by at least 30 dB. Commercial man- 
ufacturers are held to such rigid standards 
in order to sell their products. A caring ama- 
teur constructor abides by the same rules. 

Unfortunately, many solid-state transmit- 
ter designs are published without regard to 
acceptable attenuation of spurious RF ener- 
gy. This oversight in design occurs fre- 
quently with regard to QAP transmitters. The 
builder tries to save money and simplify his 
or her circuit by using a single pi-section out- 
put filter, and more often than not there is a 
serious impedance mismatch between the 
collector of the PA and the input of the filter 
It is not unusual to see, for example, a sim- 


ple 50 ohm filter connected to a 24 ohm col- - 2.154 4.0408. 20-000. 21,54 46.42 200.0 
lector. A filter does not function effectively icale, Freas, Disp, Cir, Exit-Space, Tune-Arrows A 3 = 50.0000 Ohm 5% 


when a mismatch exists, and high SWR 
reduces the available output power 


P.O. Box 250, Luther, Mi 49656 Fig. 2- Computer plot of the fig. 1(C) low-pass filter, based on NOVA software. 
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because maximum power transfer can only 
occur when unlike impedances are match- 
ed. Other types of harmonic filters are sim- 
ilarly placed in the wrong environment. This 
article treats the use of effective filters and 
compares the performance of simple and 
advanced low-pass networks, 


How Many Filter Elements 
To Use? 


The greater the number of filter elements, 
the better the harmonic attenuation. How- 
ever, as the number of poles is increased, 
the insertion loss of the filter rises. In other 
words, some output power must be traded 
for increased spurious energy attenuation. 

Fig. 1(A) shows a single pi type of low- 
pass filter designed for use at 40 meters. The 
second harmonic is down only 13 dB from 
peak power, per computer analysis with 
NOVA software. 1 The third harmonic is atten- 
uated by 27 dB. Neither figure complies with 
the FCC regulations. The filter performance 
worsens as the mismatch between it and the 
PA collector increases. The mismatch can 
be resolved easily by using a broadband 
matching transformer between the PA and 
the filter (standard design procedure). 

Fig. 1(B) shows a 40 meter half-wave type 
of low-pass filter that is often seen in low- 
power, solid-state, homebrew transmitters. 
It also falls short of the mark in attenuating 
spurious energy. Analysis shows that the 
second harmonic is down by 22 dB, while 
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Fig. 3- Filter response for the elliptic filter in fig. 1(D) showing the improved harmonic 
attenuation compared to no-elliptic filters. 


the third harmonic is 45.6 dB below peak 
Output power. Using the 13 dB second-har- 
monic value for the fig. 1(A) filter, we find that 
for a transmitter output power of 10 watts, 
the second-harmonic energy is a healthy 0.5 
watt, and this can be heard for hundreds of 
miles. Even a 1/10 watt signal can be heard 
hundreds of miles away under good condi- 


tions if the antenna will accept the harmon- 
ic energy. 

High levels of harmonic energy can 
cause still another problem: This unwanted 
energy is not accepted by most antennas 
and shows up as SWR. This is why some 
amateurs can't obtain an SWRof 1:1 nomat- 
ter how carefully they adjust their antennas. 
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W9GR's World Famous DSP Filter 
‘What is DSP? DSP allows the “construction” of various fillers of great com- 
plexity by using computer code. This allows us to have easy access to a vari- 
ety of filters, each perfectly optimized for whatever mode we are operating. 
‘The DSP Ii has been designed to operate in 10 different modes. Four filters 
are optimized for reducing interference to SSB phone signals from CW, het- 
erodynes and random noise interference. Four more filters operate as *brick- 
wait” CW bandpass filters. The remaining two filters are designed for reliable 
recovery of RTTY and HF packet radio information signals. A single front panel switch selects any of these fitters. 
Easy hookup to rigs speaker jack 
* The W9GR DSP II is the most popular DSP on the market — Thousands in use worldwide! 
W9GR DSP Fitter $299.95 12V DC Power Supply... 


Personal Autopatch 


Make and receive phone calls from your mobile rig or handie-talkie with your 
own personal autopatch. Connection is easy — just hook-up to the mike and 
speaker jacks on your base station rig and plug into the phone line! Complete 


$11.95 


‘special non-volatile memory immune to power failures. Repeater owners use 

the SDP-600 as well for reliable and solid repeater autopatches. Power required 

is 12 volts DC at 100 MA. Experience the freedom of owning your own autopatch, on your own frequency, to use 
when and as you wish, The SDP-600 is made in the USA and carries a one year warranty. 

SDP-600 Personal Autopatch, fully wired........$249.95 SDPA 12 volt power supply unit $11.95 


j-Com Transceiver Control Computer Interface 


The j*Com Transceiver Control Computer interface is functionally identical to the 
Kenwood IF-232C, Icom CT-17, Yaesu FiF-232C, Ten-Tec 305 and Heath computer 
interfaces. It will work with all radios and rig contro! software which use these interfaces. 
+ No external power supply is necessary. The jCom TC interfaces require very litle 
Power for operation. This power is obtained directly from the computer COMM port. 


+ Fully Hardware and Software Compatible. Works with all 
rig controlled software — Free shareware disk included! 


ORDERS CALL 1-800-446-2295 ORDERS ONLY 


TECH/ORDER/INFO (716) 924-4560 FAX (716) 924-4555 
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Fig. 4- The response curve for the elliptic filter model in fig. 1(E). The frequency at the 


bottom scale has been compressed to more clearly define the two notch frequencies. 


Fig. 5- Computer plot for the 9-element, 2 meter low-pass filter. 


The harmonic energy prevents the reflect- 
ed-power reading from dropping to zero. 


A Better Filter 


The circuit in fig. 1(C) is my choice for run- 
of-the-mill transmitter output filters. It is easy 
to build and not expensive. | designed it for 
40 meters with standard-value capacitors. 
The inductors are wound on Amidon T50-6 
toroids (19 turns of No. 22 enamel wire). 
Polystyrene or dipped silver micacapacitors 
are best in filters. The TSO cores will accom- 
modate power levels up to 50 watts at low 
SWR. 168-6 cores (or larger) are recom- 
mended for power levels up to 120 watts. 


The fig. 1(C) filter attenuates the second 
harmonic by 32 dB. The third harmonic is 
down by 37.5dB. Acurve for this Butterworth 
filter is provided in fig. 2. Filters for other 
amateur bands can be designed by using 
the filter tables in The ARRL Handbook or 
with software such as RF CAD or other filter 
programs. 


Elliptic Filters 


Fig. 1(D) shows the circuit for an effective 
elliptic low-pass filter. The series-resonant 
elements—C1, C2, L2, and L4—are tuned 
to the second and third harmonies of 7 MHz 
in this example. Trimmers in parallel with 


teduced-value fixed capacitors would per- 
mit peaking the series elements exactly at 
the harmonic frequencies, such as 14.2 and 
21.3 MHz for 7.1 MHz operation. The trim- 
mers can be tuned for harmonic-signal nulls 
while observing the S-meter of a receiver, 
Harmonic suppression for the fig. 1(D) fil- 
ter is 51 dB (second) and 88 dB (third), 
which greatly exceeds the performance of 
the fig, 1(C) circuit. Fig. 3 shows the 
response curve for the elliptic filter 
Another method is suitable for obtaining 
elliptical-filter performance. An example is 
given in fig. 1(E). The circuit is similar to that 
of fig. 1(B), except for the two capacitors 
that have been added across L1 and L2, 
These capacitors tune the two inductors to 
the second and third harmonics of the fun- 
damental signal. Again, trimmers across 
the coils will permit on-the-nose frequency 
adjustment. Attenuation of the second har- 
monic is 66 GB, and the third harmonic is 
down 64 dB. Fig. 4 illustrates where the two 
notches appear on the response curve. 


A 2 Meter Low-Pass Filter 


VHF harmonics cause all manner of prob- 
lems to commercial VHF and UHF services, 
especially where repeaters are involved. 
An effective low-pass filter is often helpful 
when used al the output of a 2 meter trans- 
mitter, Fig, 1(F) provides a circuit for a filter 
that attenuates the second harmonic by 36 
dB and the third harmonic by 62 dB. It is 
designed around standard-value Gaps 
tors. L1, L2, and L3 have an ID of '/4 inch 
and a length of V2 inch, Use 5 turns of No. 
18 bus wire for each coil. The two 47 pF 
capacitors at the filter ports are necessary 
in order to ensure a 50 ohm bilateral imped- 
ance. Best performance will result when 
each filter section is contained in a sepa- 
fate shield compartment (prevents input- 
output leakage). The plot for this filter is pre- 
sented in fig. 5. 


Summary Remarks 


The purpose of this article is to acquaint the 
less technical amateur with the workings of 
harmonic filters and to point out the advan- 
tages of using filters that are capable of 
effectively "laundering" the transmitter out- 
put signal, 

Those who are interested in the NOVA 
software may wish to contact the firm listed 
in footnote 1. NOVA permits designing with 
transistors, op amps, transformers, and L, 
C. and R elements. Although the program is 
designed for use with a dot-matrix printer or 
apen plotter, itcan be used with a laser print- 
er such as my Panasonic KX-P4410 (or HP 
laser printers) by envoking WordPerfect for 
use in combination with NOVA, The resul- 
tant laser printout will look ike it was proc- 
essed with a dot-matrix printer 


Footnote 


1. RF Engineering, RD 1, Box 587, Chen- 
ango Lake Rd., Norwich, NY 13815, 
73, Doug, W1FB 
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